Abstract: This article implements a new Web service that offers users the possibility to merge images. Throughout the article three important issues are addressed. First, a Web service is implemented using free software to provide a simple interface for users to interact and request the image-fusion service. The second issue deals with the analysis of the Fast Haar Wavelet Transform (FHWT). The final part of the article is a description of the proposed methodology that actually performs image fusion using FHWT. Also in order to determine the efficiency of FHWT five different Wavelets were implemented in Matlab to merge the same pair of satellite images. By using four indices, the resulting images were evaluated in terms of both spatial quality and spectral quality. The best results of the evaluation process were obtained with FHWT, which preserves the spectral richness of the original multispectral image while improving spatial quality.
Introduction
Conventional image fusion procedures are based upon several methods such as the RGH to HIS transformation, Brovey, Multiplication, Main Components among others. These methods are not completely satisfactory because they degrade the spectral information while gaining spatial information. This has promoted in the last years experiments of several procedures that use the Wavelet transform in two dimensions, since they degrade in less value the spectral richness of the original multispectral images [1] - [3] improving the spatial resolution. Based on research where is shown that the Wavelet transform improves the results of the satellite image fusion [4] , the significant contribution of the Daubechies Wavelet transform for satellite image fusion allows to generate better fused images thanks to the way in which the resultant transform coefficients are arranged, thus obtaining the approximation and detail coefficients that contain higher spatial and spectral information from the original images. The fusion is an answer to the frequent need to process satellite images and the need to have in just one image high resolution spectral data (multispectral images) and high spatial resolution (panchromatic images) from the same sensor or from several remote sensors. With the fusion is obtained detailed information about the urban and rural environment, useful for several specific applications such as land management, agriculture, environmental management plans among others.
This work is focused in three main aspects: The first is the mathematical understanding of the Wavelet Daubechies transform. The second is about the description of the methodology for satellite image fusion using the Wavelet Daubechies transform. The third refers to the verification of its performance. The assessment is performed by comparing the performance of the Wavelet Daubechies (db4) transform with
Discrete Wavelet Transform
Because of the complexity in the DWT numeric treatment, due to continuously variable scale parameters such as translation, it is essential to have a tool that allows to discretization of this. This is we are going to go from a continuous mapping to a spectrum or a set of finite values through the change of the integral by an approximation with summations. Discretization allows representing a signal in terms of elemental functions with coefficients.
The central idea of the wavelet transform analysis is to decompose a signal into different levels of resolution (for this research five levels will be used), this process is known as multiresolution [7] . The multiresolution representation provides a simple hierarchical framework for the interpretation of the information in the time series. At different resolutions, the details of a signal usually characterize different physical structures of themselves. At a coarser resolution, these details generally characterize large structures that provide information and with the increase of the resolution finer details are obtained [3] - [8] .
Wavelet Daubechies Function
This type of wavelet is known as "compact support orthogonal wavelets", the name of the Daubechies family is writer as dbN, where N is the order (or associated filter) and db is the short name of the wavelet. The wavelet db1 defines the same Haar wavelet [3] , [6] , [8] . 
Obey to:
The basic problem for the building of the Daubechies wavelets is the determination of the [2] , [9] , [10] , the db4 filter was used along with the ARSIS concept, the RGB-HIS transform and the Matlab software [3] .
The "ARSIS Concept" (Accroissement de la Résolution Spatiale par Injection de Structures in french) is the increase of resolution by structure injection, this method uses the information with the higher resolution to inject it into the spectral resolution, which defines a strategy for MULTI images fusion with PAN images [11] . In the basic conditions of ARSIS there should be similarity between the physiographic structures observed in the spectral bands, without this implying an overlapping between bands neither the correlation coefficients among the images are high.
Wavelet Daubechies Transform Implementation
The Daubechies transform is applied computing the averages and differences through the scalar products with scale signals and wavelets, the only difference between them consist on how these scalar signals and wavelets are defined [5] . Coefficients () Sw y
()
Hw are symbols used for the multiresolution analysis.
Hw is computed to guarantee that the orthonormality condition is met.
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.( (2 3)).
The simpler number and the most used is the 2-D DWT Db4 which has four coefficients
h , where: 
The Daubechies scale function y and the matrix built [6c] 
The complexity of the calculation is measured in terms of the number of multiplications and additions required to apply the transform. The efficient execution is a measure of how good is possible to perform the transform using parallel processing. That result is a simple algorithm and easy to use for a fast computation [7] suggest a fast algorithm to calculate the wavelet transform of a 2-D matrix, such method provides an orthogonal mixed matrix that gives advantages over the conventional methods in terms of calculations reduction and implementation simplification. To calculate a unique level of fast wavelet based on the orthogonal transform (FDWT) for the 2-D signal, the following steps must be followed:
1. The matrix "X" must be the type NN, where N should be power of 2. 2. A transformation matrix (T) is built using the desired base train wavelets functions. 3. The transformation is applied by multiplying the transformation matrix T by the input signal and multiplying the result for the T transposition as follows:
where Y is the NN matrix, wavelet final transform of the input signal matrix NN, X [6] . Matrix X are arbitrary values, for this example is: 
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Transformation (Z), using the filter matrix of (T) coefficients: 
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Thus the complete two-dimensional Wavelet Daubechies transform level two arises. All the coefficients from the left upper corners correspond to the approximation coefficients of second level, those are denoted as Ap2, where the coefficients H2, V2 and D2 are found. All the coefficients from the lower left corner correspond to the vertical detail coefficients of first decomposing level that is denoted as cV1. All the coefficients from the lower right corner correspond to the diagonal detail coefficients of first decomposing level, denoted as cD1. Ap2 is decomposed up to the five level.
process proposed [4] described above in the example which used the software Matlab. The fused images were generated up to the fifth level of decomposition.
As a result of this research the following steps are proposed:
Step 1. Register a color composition RGB (true color) of the multispectral image with the panchromatic image, using the same pixel size of this last one (0.5) meters. Transform the RGB image into HIS components (Hue, Intensity, Saturation).
Step 2. Apply the Daubechies Wavelet transform concept to the I component, iteratively up to the fifth level of decomposition [9] , thus obtaining the following approximation and detail coefficients. cA5i approximation coefficients that contain the spectral information of the I component, cV1i, cH1i, cD1i, cV2i, cH2i, cD2i, cV3i, cH3i, cD3i, cV4i, cH4i, cD4i, cV5i, cH5i y cD5i detail coefficients where the spatial information of I is stored.
Step 3. Apply the Daubechies Wavelet transform concept to the panchromatic image up the to fifth level of decomposition obtaining in this way, and homologous to the previous step, the approximation and detail coefficients of the panchromatic image.
Step 4. Generate a new matrix concatenating the coefficients cA5i (they store the spectral information of the I component) and the spatial detail coefficients of fifth level of the panchromatic image cV5p, cH5p, cD5p, cV4p, cH4p, cD4p, cV3p, cH3p, cD3p, cV2p, cH2p, cD2p, cV1p, cH1p y cD1p.
Step 5. Apply the inverse Daubechies Wavelet transform to the obtained matrix in the previous step to obtain a the new intensity component (N-INT).
Step 6. Generate a new IHS (N-IHS) composition by joining N-INT along with the hue and saturation original components (obtained in step 1).
Step 6. Make the transformation from IHS to RGB, using the new composition N-IHS. In this way a new multispectral image is obtained which holds the spectral resolution thus gaining spatial resolution. Considering the implementation of the Daubechies Wavelet transform made in the five levels of decomposition N1, N2, N3, N4 and N5, five fused images are obtained (one for each level of decomposition), those were evaluated both qualitatively and quantitatively.
Results
For the assessment and the analysis of the results of the fused images using the Daubechies Wavelet, db4 predefined in Matlab, with five levels of decomposition, the following indexes were used: correlation coefficient (CC), RASE index, ERGAS index and the universal quality index Q, results are shown below:
Correlation Coefficient (CC)
The correlation between the different bands of the fused images and the bands of the original image is computed. In the Table 1 are shown the results of spatial and spectral correlation with the five chosen Wavelets from the Daubechies. 
ERGAS Index
The definition of the relative global error dimensionless of synthesis called spectral ERGAS proposed by Wald [12] show the best results when it is closer to zero. On the other hand, Lillo and his team [13] propose another index called,
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inspired by the spectral ERGAS index replacing MULTI for PAN, assessing in the same way the results. The assessment of the quality of the fused images done by these indexes is shown in Table 2 .
RASE Index
The RASE index is expressed as a percentage [12] (see results on Table 2 ). The best results are obtained when the percentage is closer to zero.
Universal Quality Index Q
This model of index of quality identifies any distortion as a combination of three factors: correlation loss, luminance distortion and distortion contrast [14] (see results on Table 2 ).
The best values in this index are obtained when the value is closer to one. Below is shown a brief analysis of the obtained results with the different indexes.
Regarding to the spectral correlation coefficient for the multispectral original images WorldView-2 with respect to the fused images, the higher value is obtained by the G band with a value of 0.98 (db4-N1), however globally the best average was obtained with the db4-N4 with a value of 0.953. As for the spatial correlation between the WorldView-2 panchromatic image and each of the fused images bands, the best are achieved with db4-N5 and db4-N4, with averages of 0.855 y 0.836 respectively. Regarding to RASE, ERGAS spectral indexes and the quality index Q, the best results of the image fusion with the WorldView-2 image are achieved with db4-N4 being 24.63%, 6.06, and 0.92, respectively. Regarding to the ERGAS spatial index, the same as the previous indexes the higher values are achieved with db4-N4 reaching a value of 93.39. This way, the best results of the assessment were obtained with the proposed method db4-N4 as they are in the optimum range showing that the fused images preserve the spectral richness of the multispectral original image and its spatial quality is improved.
Conclusion
